Maintenance and improvement of masticatory function in nursing care elderly persons (NC) is an important issue, and it is speculated that sarcopenia is related to declining masticatory function. The decrease in skeletal muscle index (SMI), a major diagnostic criterion for sarcopenia, has been reported to be associated with swallowing function in NC. However, the relationship between SMI and masticatory function is unknown. Therefore, we investigated the relationship between masseter muscle thickness(MMT)and SMI, with the aim of examining the specific relationship between decreased masticatory function and sarcopenia in NC. MMT and SMI were measured by ultrasonography and bioelectrical impedance analysis in 275 NC participants in Omori Town, Yokote City, Akita Prefecture in the Tohoku region in Japan. Cognitive functions measured from all participants using questionnaire. Participants were classified into low-MMT or high-MMT group based on the median of each of MMT, and SMI and related items in each gender. In addition, to examine the factors related to MMT, logistic regression analysis was conducted by entering age, sex, SMI, nutrition status, severity of dementia, and other items as explanatory variables and MMT as objective variable. SMI in high-MMT group were significantly higher than low-MMT group (high-MMT: 4.8 ± 1.4 kg/m 2 , low-MMT: 4.4 ± 1.4 kg/m 2 , P = 0.010).
Introduction
In Japan where the aging population is increasing annually, maintenance and amelioration of masticatory function in elderly persons are extremely important issues for maintaining not only nutritional status but also quality of life(QOL)through the enjoyment of eating. A decrease in various physical functions is seen in elderly persons requiring nursing care(NC), and masticatory function is no exception. Decreased masticatory function in these elderly persons is a critical issue that is linked with worsening of QOL, nutritional status, etc. (1) . Especially, it is said that there is a decrease of oral function(Oral-frail)is contributed byʠFrailʡin elderly persons in recent years (2) .
Strategies for ameliorating masticatory function in elderly persons include treatment of caries and periodontal disease in remaining teeth and prosthetic replacement of missing teeth. In recent years, several studies have reported that the decreased function of masticatory factors other than the teeth(e.g., masticatory muscles and the tongue)is responsible for the difficulty in mastication (3) . We believed that sarcopenia might be a background factor for the decreased function in masticatory muscles and the tongue. Sarcopenia is primarily characterized by generalized muscle weakening Correspondence to : Yutaka Watanabe E-mail : ywata@tmig.or.jp in elderly persons (4) and has been reported to be a risk factor for increased mortality of elderly patients in the acute care ward (5) . It has also been mentioned that poor nutritional status is a cause of sarcopenia (4) , and maintenance of masticatory function may prevent sarcopenia through the maintenance of nutritional status (6) . The relationship between masticatory function and sarcopenia in healthy elderly persons has been previously reported (6); however, to our knowledge, there are no studies that have examined the relationship between masticatory function and sarcopenia in NC. NC are different from healthy elderly persons, as they have decreased cognitive function and systemic disease, and it is unclear if a similar relationship exists in healthy elderly persons. Furthermore, early discovery and prevention of decreased masticatory function are extremely important because decreased masticatory function leads to disturbance of bolus formation and the risk of difficulty in swallowing is higher compared with healthy elderly persons. The swallowing function, which is one of oral function items, and skeletal muscle mass has evidence of significant relationship (7) . However, the relations between other oral functions (e. g., mastication) and skeletal muscle mass, remain unclear. The principal aims of the present study were to elucidate the relationship between masseter muscle thickness(MMT), which is the muscle that influences masticatory function the most, and skeletal muscle index(SMI), a diagnostic criterion of sarcopenia, and we also examined the specific relationship between decreased masticatory function and sarcopenia.
Materials and Methods
This study was conducted as part of a survey on NC 
Investigation parameters
For each item, we administered a preliminary survey to the primary caregivers and performed preliminary training of the dentists and dental hygienists who performed the measurements using the methods described below. The selection of items other than the primary investigation items in present study was performed based on previous studies of oral function and appendicular skeletal muscle mass in elderly persons requiring nursing care (7, 8) . 
Results
Basic attributes (Table 1) The number of men and women participants in the present study was as follows: 60 men ( Examination of factors related to masseter muscle thickness (Table 3) As a result of binary logistic regression analysis using the stepwise method, we extracted SMI as a significant factor related to MMT(OR=0.83, 95% CI=0.69-0.99, P=0.049).
Furthermore, although the number of functional teeth(OR= 0.98, 95% CI=0.96-1.00, P=0.065)was also not significant, we extracted the items that had the best fit in the final step.
Discussion
In the present study, we elucidated the relationship between MMT and SMI, with the aim of examining the specific relationship between decreased masticatory function and sarcopenia. Therefore, we conducted a cross- The SMI, which was examined in the present study, is widely utilized around the world as the diagnostic criterion for sarcopenia; measurement using the BIA method is adopted by the Asian Sarcopenia Consensus (14) . However, while the masseter muscle is the representative masticatory muscle, it is also easily accessible for measurement of thickness using an ultrasonography device from the body Table 3 . Examination of between various items and masseter muscle thickness Table 2 . Comparison of high and low MMT group objective index that is not significantly influenced by the degree of cooperation of subjects, and it can be conducted in elderly persons who have dementia.
At first, as a basic attribute of the participants, men showed significantly higher scores of SMI, MNA-SF, number of present teeth, and cerebrovascular disease than women. Generally it is said that men have more SMI, and this result is considered to represent the universality of the participants.
The results of the present study revealed that SMI was significantly higher in the high-MMT group in comparison with the low-MMT group and SMI was extracted as a related factor for MMT. The relationship between swallowing function and SMI in NC has been previously reported by
Murakami et al. (7) . Furthermore, decrease in activity, deterioration of nutritional status, increase in inflammatory cytokines, oxidative stress, and reduced growth and sex hormones (e. g., testosterone) have also been reported as factors related to decreased muscle mass (16) . That is, it appears that decreased muscle mass observed in NC who have decreased physical functions occurs systemically rather than at local sites. Therefore, it is natural that the decrease in muscle mass also develops in the masseter muscle, which is a skeletal muscle similar to those in the extremities. Conversely, it is possible that estimate the SMI from the MMT in NC.
Although the results of the present study revealed that the number of functional teeth was not statistically significant factors, the results of binary logistic regression analysis using stepwise method suggest a relationship with MMT. In previous study by Bhoyar et al., concerning edentulous participants, it was reported that prosthetic treatment was effective in inducing recovery of MMT (17) .
The number of present teeth of participants in the present study was small(mean number: 3.5 teeth), and 67.6%(186 participants) wore dentures, because many participants used a prosthetic device such as dentures or bridge. These results suggest that maintenance and recovery of occlusion through the use of prosthetics may be useful in preventing the weakening of the masseter muscle.
MNA ® -SF, which is used to evaluate the risk of poor nutritional status, was not extracted as a related factor by binary logistic regression analysis; however, the results of simple comparison revealed that in comparison with the low-MMT group, the score in the high-MMT group was significantly higher. A study concerning Japanese NC reported that poor nutritional status is a risk factor for sarcopenia in NC because the score was significantly lower in the sarcopenia group compared with the non-sarcopenia group (18) . The results of the present study support these previous findings. Also, CDR and BI were not extracted as a related factor. However, the results of simple comparison revealed that in comparison with the low-MMT group, the score in the high-MMT group was significantly higher.
Takagi et al. reported that Alzheimerʼs disease is a risk factor for decreasing SMI (8) . Therefore, it is possible that CDR has some influence on masseter muscle.
In the present study, the number of present teeth, which was previously shown to be a factor related to MMT(19),
was not extracted as a related factor. Muscle strength generated by the masticatory muscles is finally output as occlusal force through the jawbone and teeth; however, many previous studies examined the relationship between masticatory function and the masseter muscle in younger subjects in whom the number of present teeth was maintained to a certain extent. In contrast, the small mean number of present teeth in participants in the present study and the use of prosthetic devices may have influenced the relationship with the number of present teeth.
A relationship between poor nutritional status and mortality risk has been reported in NC (20) . Based on the results of the present study, sarcopenia affects the masticatory muscles, and due to a reduced number of present teeth, masticatory function decreases, and a poor nutritional status develops as a result. Therefore, increased exacerbation of sarcopenia and mortality are possible risks in this elderly group. As mentioned previously, it is possible that the use of a prosthetic device such as dentures may prevent the weakening of the masseter muscle; however, since the use of dentures is difficult in NC due to decreased physical ability, dementia, etc., such persons are unable to use dentures (21) . By contrast, in an interventional study involving elderly persons residing in facilities, Kanehisa et al. reported that the use of dentures is effective in ameliorating nutritional status (22) . Several limitations of the present study should be mentioned. First, because the present study was a crosssectional survey, it could not elucidate a specific causal relationship between decreased MMT and decreased appendicular skeletal muscle mass. For this reason, in order to elucidate a specific causal relationship, it is necessary to conduct a long-term longitudinal study. Secondary, measurement of MMT was performed by multiple investigators who received prior training; however, the possibility of interrater error cannot be completely excluded. Many of the participants used a prosthetic device such as dentures;
however, the fit of the dentures was not considered.
Moreover, NC have various background factors such as systemic disease and decreased cognitive function, so a further study that takes into account other factors such as medication use and long-term care status is needed. In the future, we plan to address these issues by conducting a longitudinal study. Nevertheless, the present study is complete enumeration, and the significance is large.
Conclusion
In conclusion, among NC, SMI was significantly higher in the group with high MMT compared with the low-MMT group. Furthermore, decreased SMI and decreased number of functional teeth were extracted as related factors of decreased MMT, there is a possibility that decreasing muscle mass arise from sarcopenia also develops in the masticatory muscles in NC.
